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Abstract of JP61 751 56 

PURPOSE:To provide the liquid crystal display 
device which is improved in the display 
characteristics of the liquid crystal display 
device, is simultaneously increased in the 
margin for mating a substrate formed with thin- 
film transistorsfTFTs) and a counter substrate 
and is improved in productivity at the time of 
assembly by enabling the provision of a 
sufficient holding capacity. CONSTITUTIONS 
black matrix is formed on the same substrate 
as a substrate 301 formed with the TFTs for 
driving liquid crystals. Source side ' 
of the TFTs are commonly used as 
matrix. The black matrix 30 
the source wirings 304 is formed 
shape. The black matrix 307 orthogonal with 
the source wirings 304 is electrically 
connected via an insulating film 309 to the 
drain electrodes 308 of the TFTs. 
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Specification 

(54) [Title of Invention] Liquid crystal display device 
(57) [Abstract] 

[Structure] It is characterized that a black matrix is formed on the same substrate on 
which a thin film transistor for driving a liquid crystal is formed, a source wiring side of 
the thin film transistor serves as the black matrix, black matric [sic] intersecting 
perpendicularly with the source wiring is formed so as to be an island-shape, and the 
black matrix intersecting perpendicularly with the source wiring is electrically 


connected to a drain electrode of the thin film transistor through an insulating film. 
[Effect] It is possible to provide an adequate storage capacitor. Thus, display 
characteristics of a liquid crystal display device are enhanced. At the same time, a 
margin for attaching a substrate on which the thin film transistors are formed to an 
opposite substrate increases and thus the productivity in assembling is increased. 

[Scope of Claims] 

[Claim 1] A liquid crystal display device wherein a display is performed by modulating 
light by a liquid crystal sealed between a substrate on which thin film transistors for 
driving a liquid crystal are formed and a substrate on which a transparent electrode is 
formed, and a black matrix is formed on the substrate on which the thin film transistors 
are formed. 

[Claim 2] A liquid crystal display device as recited in Claim 1, wherein a source wiring 
of the thin film transistor serves as a black matrix. 

[Claim 3] A liquid crystal display device as recited in Claims 1 and 2, wherein, in a 
different layer from a source wiring of a thin film transistor, a island-shaped 
light-shielding portion intersecting perpendicularly with the source wiring is formed to 
overlap with a gate wiring of the thin film transistor in a former row through an 
insulating film, and the light-shielding portion is electrically connected to a pixel 
electrode of the thin film transistor through an insulating film. 

[Claim 4] A liquid crystal display device as recited in Claims 1 and 2, wherein a 
light-shielding portion is formed to have an island-shaped so as to overlap a gate wiring 
of a thin film transistor in a former row through an insulating film in a same plane as a 
source wiring of the thin film transistor, and the light-shielding portion is electrically 
connected to a drain electrode of the thin film transistor through an insulating film. 
[Claim 5] A liquid crystal display device as recited in Claim 4, wherein a light-shielding 
portion is formed to have an island-shape in a position overlapping with a gap between 
a source wiring and the light-shielding portion on an opposite substrate side. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[INDUSTRIAL APPLICATION FIELD] 

The present invention relates to a liquid crystal display device which performs 
a display by driving a liquid crystal sandwiched between two substrates using thin film 

[0002] 
PRIOR ART 


2 


FIG 1 is a perspective view of a conventional liquid crystal display device. 
Conventionally, a black matrix is provided by using a metal having light-shielding 
effect or the like on an opposite substrate side for the purpose of preventing light from 
leaking from a gap between wirings and a pixel electrode and improving contrast and 
color reproduction characteristics of a display image in a liquid crystal display device 
having thin film transistors. Therefore, in consideration of misalignment of a substrate 
on which thin film transistors are formed and the opposite substrate, an alignment 
margin of 10 urn or more is needed. Further, a gap for electrically separating a source 
wiring and a pixel electrode is needed since the source wiring and the pixel electrode 
are formed on the same plane. For the above reasons, the aperture ratio of a pixel 
portion of the liquid crystal display device is reduced. To solve the problems, a 
method shown in FIGS. 2 (a) to 2 (c) is devised. FIG. 2(a) shows a plan view of the 
substrate on which the thin film transistors are formed. FIGS. 2(b) and 2(c) show 
cross-sectional views in AA section and BB section in FIG 2(a), respectively. The 
feature of the method is that a source wiring and a gate wiring of the thin film transistor 
are separated from the pixel electrode by an interlayer insulating film and they are 
formed in different planes, thereby making the source wiring and the gate wiring of the 
thin film transistor serve as a black matrix. 
[0003] 

[Problems to be solved by the Invention] However, in the structure of the 
above-mentioned liquid crystal display device, a cross-talk is caused due to parasitic 
capacitance that is generated in an overlapping portion where the gate wiring and the 
source wiring of the thin film transistor in its own row and the pixel electrode are 
overlapped. Thus, it is necessary to make the interlayer insulating film for insulating 
and separating the source wiring and the drain wiring from the pixel electrode thicker. 
Accordingly, in the case of forming a storage capacitor by the structure in which the 
gate wiring of the thin film transistor in the former row and the pixel electrode are 
overlapped, or by a structure in which a capacitor wiring and a pixel electrode are 
overlapped, it is difficult to manufacture a liquid crystal display device that has an 
adequate storage capacitor and that has no cross-talk. 
[0004] 

[Means for solving the Problem] A liquid crystal display device of the present 
invention is characterized in that a source wiring of a thin film transistor and an 
island-shaped portion formed so as to overlap with a gate wiring in parallel are 
separated into different layers by an insulating film, and the island-shaped portion has 
an electrical contact with a pixel electrode of the thin film transistor through a contact 


hole opened in the insulating film. 

[0005] Further, a liquid crystal display device of the present invention is characterized 
in that an island-shaped portion formed to overlap a source wiring and a gate wiring of a 
thin film transistor in parallel is on the same plane, the island-shaped portion has an 
electrical contact with a pixel electrode of the thin film transistor through a contact hole 
opened in an insulating film, and an island-shaped light-shielding portion is formed on 
an opposite substrate to overlap a gap of the source wiring and the island-shaped 
portion. 
[0006] 

[Embodiment] FIGS. 3 (a) to (c) are a plan view and cross-sectional views showing one 
embodiment of the liquid crystal display device of the present invention. FIG. 3(a) 
shows the plan view, and FIGS. 3 (b) and (c) illustrate the cross-sectional views of AA 
section and BB section in FIG 3 (a), respectively. The figures show a gate wiring 302 
of the thin film transistor which is formed on a transparent substrate 301 such as quartz 
or glass, a first interlayer insulating film 303 which insulates and separates the gate 
wiring from a source wiring of the thin film transistor, the source wiring 304 which is 
made of metal such as AI, Mo, Cr or Ta and also serves as a black matrix intersecting 
with the gate wiring of the thin film transistor perpendicularly, a second interlayer 
insulating film 305 which insulates and separates the gate wiring from a light-shielding 
portion 307 in parallel with the gate wiring, the light-shielding portion 307 which 
overlaps the gate wiring 306 of the thin film transistor in the former row and is formed 
in parallel with the gate wiring 306 and is shaped into an island, and a third interlayer 
insulating film 309 which insulates and separates the light-shielding portion 307 from 
drain [sic] electrodes 308 of the thin film transistor and 310. Note that the reference 
number 311 means a contact hole to connect electrically a pixel electrode 310 with the 
light-shielding portion 307 which overlaps the gate wiring 306 in the former row in 
parallel. 

[0007] The storage capacitor Co generates in an overlapping portion of the 
light-shielding portion 307 and the gate wiring 306 in the former row when the 
conductive metal such as Al, Mo, Cr, Ta, Ni or Cu is used for the light-shielding portion 
intersecting with the source wiring perpendicularly. In addition, the storage capacitor 
C| generates in an overlapping portion of the drain electrode 308 in the former row and 
the light-shielding portion 307. The storage capacitor Co is required to be sufficiently 
larger than the storage capacitor Ci to prevent the deterioration of the image quality of 
the liquid crystal display device. Therefore, it is preferable to use an insulating film 
such as SiC>2 or SiN„ which has the large relative permittivity as the first interlayer 


insulating film 303 and the second interlayer insulating film 305, and it is preferable to 
thickly apply the organic insulating film such as polyimide resin, acrylic resin or fluoric 
resin which has the small relative permittivity in approximately 1 to 5 urn thickness as 
the third interlayer insulating film 309. Moreover, it also gives a flattening effect and 
an improvement of orientation of the liquid crystal. FIG 4 is a perspective view 
showing the liquid crystal display device of the present invention. By using the 
substrate on which thin film transistors having the structure shown in FIGS. 3 (a) to (c) 
are formed, the use of the black matrix on the opposite substrate side is ceased. 
Therefore, the aperture ratio of the display portion can be higher, and at the same time, 
it makes it easier to attach the opposite substrate to the substrate on which the thin film 

[0008] FIGS. 5(a) to 5(c) are a plan view and cross sectional views showing another 
embodiment of the liquid crystal display device of the present invention. FIG. 5(a) is the 
plan view and FIGS. 5(b) and 5(c) show the cross sectional views in AA section and BB 
section in FIG.5 (a), respectively. In the FIG. 5(a) to 5(c), storage capacitor C 2 is formed 
in an overlapping portion of a light-shielding portion 502 formed to have an island 
shape and a gate line 504 in the former row, and a capacitor C 3 is formed in an 
overlapping portion of the island-shaped light-shielding portion 502 and a pixel 
electrode 501 in the former row, and the capacitor C 2 may be much larger than the 
capacitor C3. Therefore, it is preferable to use an insulating film such as SiC>2 or SiN x 
which has the large relative permittivity as the first interlayer insulating film 507, and it 
is preferable to thickly apply the organic insulating film such as polyimide resin, acrylic 
resin or fluoric resin which has the small relative permittivity in approximately 1 to 5 
um thickness as the second interlayer insulating film 506. Moreover, it also gives a 
flattening effect and an improvement of orientation of the liquid crystal. In FIGS. 5(a) to 
5(c), a layer of a source wiring 505 of the thin film transistor may be formed to have an 
island shape as the light-shielding portion 502 which overlaps the gate wiring 504 in 
parallel. 

[0009] FIGS. 6(a) to 6(c) are a plan view and cross sectional views showing another 
embodiment of the liquid crystal display device of the present invention. FIG 6(a) is 
the plan view and FIG. 6(b) and 6(c) show cross sectional views of AA section and BB 
section in FIG. 6(a), respectively. 

[0010] FIG7 shows a perspective view of another embodiment of the liquid crystal 
display device of the present invention. In the case of using the substrate where thin 
film transistors having the structure shown in FIG 5(a) to 5(c) are formed or the 
substrate the thin film transistors having the structure shown in FIG. 6(a) to 6(c) are 
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formed, source wiring, one part of the gate wiring, and the light-shielding portion 
overlapping with the gate wiring in parallel become a black matrix. Light leaked from 
the gap (portions of the thin film transistors) between the light-shielding portion 
provided in parallel with the gate wiring and the source wiring forms island-shaped 
light-shielding portions on the side of the opposite substrate. Therefore, a liquid 
crystal display device having an adequate storage capacitor can be manufactured 
without reducing the aperture ratio of the display portion. 
[0011] 

[Effect of the Invention] The problems to be solved by the present invention are as 
follows. 

[0012] (1). To improve the display characteristic of the liquid crystal display device by 
providing an adequate storage capacitor without greatly reducing the aperture ratio. 
[0013] (2). To improve the productivity and yield by simplifying the step of attaching a 
substrate where thin film transistors for driving liquid crystal are formed to an opposite 
substrate. 

[0014] (3). To minimize the amount of reduction in the aperture ratio due to a margin 
for attaching/alignment the substrate where thin film transistors are formed to the 
black-matrix of the opposite substrate, in an assembling step of a panel of the liquid 
crystal display device. 
[Brief Description of the Drawings] 

FIG 1 is a perspective view of a conventional liquid crystal display device in 
which thin film transistors are used. 

FIGS. 2(a) to 2(c) are a plan view and cross sectional views of a thin film 
transistor to be used for a liquid crystal display device in which thin film transistors are 
used, as a conventional example. 

FIGS. 3(a) to 3(c) are a plan view and cross sectional views showing one 
embodiment of a liquid crystal display device of the present invention. 

FIGS. 4 is a perspective view showing one embodiment of a liquid crystal 
display of the present invention. 

FIGS. 5(a) to 5(c) are a plan view and cross sectional views showing another 
embodiment of a liquid crystal display device of the present invention. 

FIGS. 6(a) to 6(c) are a plan view and cross sectional views showing another 
embodiment of a liquid crystal display device of the present invention. 

FIG. 7 is a perspective view showing another embodiment of a liquid crystal 
display device of the present invention. 
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[Explanation of the reference number] 


[Description of symbols] 

301 : a transparent substrate such as quartz or glass 

302: a gate wiring of a thin film transistor in the former row 

303: a first interlayer insulating film which insulates and separates a gate wiring from a 
source wiring 

304: a source wiring which serves as a black matrix of a liquid crystal display device 

305: a second interlayer insulating film which insulates and separates a source wiring 

from a shielding portion intersecting with the source wiring perpendicularly 

306: a gate wiring of a thin film transistor in its own row 

307: a light-shielding portion provided in parallel with a gate wiring 

308: a pixel electrode of a thin film transistor in its own row 

309: a third interlayer insulating film which insulates and separates a pixel electrode 
from a light-shielding portion provided in parallel with a gate wiring 
310: apixel electrode of athinfilm transistor in the former row 

3 1 1 : a contact hole for connecting a shielding portion provided in parallel with a gate 

wiring to a pixel electrode in its own row 

501 : a pixel electrode of a thin film transistor in the former row 

502: a shielding portion provided in parallel with a gate wiring 

503: a pixel electrode of a thin film transistor in its own row 

504: a gate wiring of a thin film transistor in its own row 

505: a source wiring which serves as a black-matrix of a liquid crystal display device. 
506: a second interlayer insulating film which insulates and separates a pixel electrode 
from a light-shielding portion provided in parallel with a gate wiring 
507: a first interlayer insulating film which insulates and separates a gate wiring from a 
source wiring. 

508: a transparent substrate such as quartz or glass 

509: a gate wiring of a thin film transistor in the former row 

510: a contact hole for connecting a shielding portion provided in parallel with a gate 

wiring to a pixel electrode in its own row 

601 : a pixel electrode of a thin film transistor in the former row 

602: a light-shielding portion provided in parallel with a gate wiring 

603: a pixel electrode of a thin film transistor in its own row 

604: a gate wiring of a thin film transistor in the former row 

605: a source wiring which serves as a black-matrix of a liquid crystal display device 
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606: a transparent substrate such as quart2 or glass 

607: a first interlayer insulating film which insulates and separates a gate wiring from a 
pixel electrode. 

608: a second interlayer insulating film which insulates and separates a light-shielding 
portion provided in parallel with a gate wiring and a source wiring from pixel electrodes 
609: a gate wiring of a thin film transistor in its own row 

610: a contact hole for connecting a light-shielding portion provided in parallel with a 
gate wiring to a pixel electrode in its own row 
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FIG 3 
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FIG 7 
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